Work schedules with long shift periods and extended work hours are common in geographically remote sites. Many employees prefer fewer and longer periods at work and off work. The state owned Norwegian coal company at Spitsbergen, Norway, operates a smaller underground mine in Longyearbyen, the capital of the Svalbard islands at 78˚ Northern latitude. The major underground operation is located in Svea, 45 km straight line to the south through snow covered mountains and glaciers 1) . The location is reached by plane. The only purpose of staying in Svea is the job. The mine has a continuous production. Nobody is regularly spending the off-period in Svea. The employees are living permanently either in Longyearbyen which is located about 30 min flight time from Svea, or at the Norwegian mainland with much longer flight time home.
Before 2007 the regular shift period was a seven days off -seven days on (7/7) schedule. The short off-periods caused frequent flights, hours and sometimes days of waiting at airports, high travel costs and little time at home. Most of the employees come from small coastal communities on the Norwegian mainland. Family and home tie them to the small community, which represents a limited labor market. Long distance commuting employees enjoyed the same Svalbard income low tax regime as those who lived in Longyearbyen and practiced short distance commuting to Svea. In 2006 the miners' union, on behalf of the workers, demanded a change of the shift schedule in Svea so that the individual employee could choose for himself whether to work a period of seven days followed by seven days off (7/7) or a fourteen days period at work and fourteen days off period (14/14) . The management endorsed the proposition which was accepted by the authorities on a probational basis. In their application to the authorities the management undertook in 2006 the obligation to carry out an investigation on the pos-sible adverse health effects of the fourteen days period, starting before the implementation of a new schedule, with a follow up afterwards. The occupational health services of Svalbard were assigned the task. The management implemented a new schedule on January 15th 2007.
Both shift work and extended work hours may influence biological and social rhythms and cause negative health effects 2, 3) . Shift work, especially when including night work, might be associated with coronary heart disease, mental health problems, sleep disturbances, gastrointestinal disorders and social problems 2) . However, a consistent health difference between shift workers and day workers is not always found. Further, the effect of extended work hours on health and performance is not clear. Continuous work for long hours has been associated with various health problems, sickness absence and fatigue 4) . However, current scientific evidence is inadequate to give any firm recommendations about long work hours and health 5) .
Miners may experience combinations of shift work and extended work hours 6) . Relatively few studies on health effects from this type of work have been performed among miners, and the results are not consistent [6] [7] [8] . Some studies describe adverse health effects like increased fatigue after 12 h shifts for ten consecutive days 6) , which again may cause an increased risk of accidents. Results from other studies indicate no adverse effects of similar types of work 7) , or even development of improved sleep and performance after this kind of work schedules 8) . The lack of consistent findings makes further studies necessary, as one may ask if this kind of work will have any adverse health effect at all. From a circadian point of view, a 14/14 schedule would be an advantage compared to other shift schedules 9) , as this type of work will give a complete adaptation to the night shift. This might balance out the disadvantages related to the schedule, and the workers may end up reporting no adverse health problems related to such working periods. Our hypothesis was phrased like this: Change of shift schedule from 7/7 to 14/14 will not influence the employees self reported health and coping.
A prospective cohort study was performed, with three periods of data collection: October-December 2006 -before the new shift schedule; June-August 2007 -half a year after the new shift schedule was implemented; October 2008-January 2009 -two years after the new shift schedule was implemented. The time period in which the employees were present in Svea with no days off was either 14 d, 7 d, or 5 d (daytime, weekend off). Every calendar day was divided into a day shift and a night shift. In the groups of 7/7 and 14/14 each individual did either night shift or day shift. After two work periods of seven days or one period of fourteen days the shift was changed from night to day or vice versa. Day shift started at 7 AM and night shift started at 7 PM, both lasting 12 h. The employees comprised three groups (7/7, 14/14 and 5/2 -daytime), based on the chosen shift schedule. The study was performed among workers in a coal mine with a number of departments or operations, categorized in the two groups underground and surface operations, as the underground work was considered to be more straining than surface work physically and psychologically. All the workers were sleeping above ground, in houses made for this purpose, with adequate heating, sanitarian equipment and a canteen. There were dark shades on the windows in the sleeping room, and normally no other noise than the one coming from neighbor sleeping rooms.
Employment in the coal company depends on passing an initial medical examination. All the employees are medically screened on a regular basis. Chronic disorders causing reduced performance or behavioral difficulties do not comply with work in the Norwegian mines of Svalbard, and employees therefore represent a generally healthy and robust population.
A questionnaire was distributed to all coal company employees in Svea (miners, foremen, supervisors, maintenance and staff personnel). In 2006 and 2008 the investigation period was during winter (the dark period), in 2007 during summer (midnight sun). The present analysis focuses on the self-reported health data from 2006 and 2008. New employees after 2006 were included in our study but excluded from the present analysis. Female employees were also excluded due to low numbers.
During the process of preparation for the study, the union representatives and the management were consulted. Data collection had to be performed at the work site, in the dining rooms underground and on the surface or in the assembly room after ended shift, with no medical facilities available. To minimize the nonresponse, the time needed to participate in the study was suggested to be not more than 15 min. A questionnaire study was chosen, as this seemed to be the most acceptable and applicable method in this setting, and a questionnaire on one sheet of paper was designed. The questionnaire comprised background variables on name, age, travel time from residence to Svea, department in the mine, shift schedule, day or night shift when completing the questionnaire. Four questions on pain (from head, neck/shoulder, low back, legs) and five questions on sleep (sleep disorder in Svea, insomnia, disturbed by noise, refreshed after sleep, lying awake), with response alternatives on frequency graded from 1 to 4 were asked Industrial Health 2011, 49, 652-657 (Fig. 1) . In addition five questions on stress (tired, irritable, concentration difficulties, depression, indisposed after shift period) and five questions on coping were asked, graded from 1 to 3 (family problems, irritable colleagues, job satisfaction, energy for other paid jobs, plans for future). For each individual every year indices of pain, sleep, stress and coping were calculated. For the individual to be included in the calculation of the index in the respective year at least 75% of the questions related to the specific index had to be answered. The specific index was calculated as a mean value of the items it consisted of and used in the analyses as a continuous variable. The higher index figure, the better.
The employees were free to participate or not. They were instructed from their union and the occupational health personnel involved that any answer should be given of the individuals free will. All information given and collected was treated as strictly confidential by occupational health personnel only. Neither the management nor the union representatives had any access to the collected forms. The completed forms would not be filed together with the occupational health services usual reports, but treated separately and in the end destructed. The Spitsbergen islands are governed by Norway, but the mainland legislation on regional ethical committees on medical research is not implemented on Spitsbergen.
The Governor of Svalbard and the local community authorities have been presented with the project.
Descriptive statistics were given for demographic variables from the questionnaires and for the shift schedules in different years. In addition, distribution of answers within each index variable was given. Differences in indexes between shift schedules (7/7 and 14/14) at baseline (2006 questionnaire) were tested by independent two-sided t-tests. Difference in indexes between baseline and the follow up was calculated and applied in analyses of variance to test if there was a difference between shift schedules. Two analyses of variance were performed, one of the crude data, and one including adjustments for age and department in the mine. For the sleep index also day or night shift when the individual completed the questionnaire was adjusted for. We used SPSS 15.0 (SPSS Inc., Chicago, IL, USA), and significance level was set to p<0.05. had started on a 14/14 schedule ( between 14/14 and 7/7. Regarding coping, fifteen percent reported family problems related to the work schedule and five percent reported that the colleagues were irritable at the end of the shift period. Seventy percent reported that they enjoyed their work and thirty-one percent intended to stay in this job more than six years.
The employees working 14/14 and 7/7 did not differ in 2006 in coping index (Table 2) . Through 2006-2008 those who stayed in 7/7 reported deteriorated coping while 14/14 reported improving. Looking at specific items of coping, testing differences between 2006 and 2008, it was revealed significant more problems related to the job-family relationship in the 7/7 group (data not presented).
There was no difference in self reported health among mine workers working 7/7 and 14/14 shift schedule after two years follow-up. On the contrary, the employees choosing the 14/14 schedule improved their score on an item concerning coping. This is in accordance with findings in a study of tunnel workers employed by a contractor at the same location in 2003 10) . In this study tunnel workers had a shift schedule of 10 h work, 14 h off; 21 days shift period, 21 d at home on the Norwegian mainland, and the followup time was approximately one year. The prevalence of subjective health complaints in this group of workers did not change during the observation period, similar to our present results. Also, sleep did not detoriate among these tunnel workers, just like in our study, and this was found both by subjective and objective measures 11) . However, in the present study, we had no objective measures, and there might have been changes in the variables that were not detected in the study.
A Canadian study of workers in underground mines has shown no adverse effects of a change from a 8-h shift to a 10-h shift schedule. Actually, the workers reported more refreshing sleep, and fewer performance impairments were registered with the 10-h shift schedule 8) . However, the number of shifts was only three or four in a row among these workers. Also, an Australian study of 51 miners showed that the number of consecutive shifts had no impact upon sleep duration, and in this study a schedule of as much as 14 consecutive shifts was included 7) . On the other hand, a study of fatigue among miners in a fly-in-fly-out operation has suggested adverse implications for safety, as fatigue was increased at the end of some shifts in a 28 d roster. However, the schedule was totally different from the one in Svea, with 10 d shifts, 5 d rest, 8 night shifts and 5 d rest 6) .
The prevalence of substantial self reported pain and sleep problems were low in the present study. For instance, in a Norwegian study in 1999 with a population of industrial workers in the aluminium industry low back pain occurred "often" among 22 percent 12) , whereas similar figures in our population of miners was only three percent. This may indicate the presence of a healthy worker effect among our miners, as there are specific demands of good health to be allowed to enter and stay in this kind of work. There was a weakness of the study that we had no information on smoking and previous disorder among the workers. However, there was no reason to believe that these factors differed to a large extent among the workers in the two shift schedules. This is supported by the fact that their selfreported health was the same both before and after the comparison period started, both within the groups and when comparing the groups.
The questionnaire was not validated before distribution, but had questions that were comparable with those found in other, more extensive instruments 12, 13) . However, the employees were familiar with all the topics in the form and the type of language used. The compact and simplified nature of the form made it practically applicable and culturally acceptable, which the minimal non-response (99% responded) and high degree of completing all the questions indicated. The occupational health personnel explained with emphasis that there were no "correct" or favorable answers. The authorities had not exposed any idea of what kind of shift schedule would be considered favorable. No likely result would simply lead to the termination or continuation of any of the schedules. What a majority of the hard working employees preferred would overshadow many other considerations in a picture of increasing productivity and coal prices. A possible bias arises from the fact that those employees who advocated the 14/14, would appreciate that alternative to turn out without too strong adverse effects. However, the defenders of 7/7 could be expected to prefer results in favor of 7/7 as well. Our results do not indicate any strong subgroup trends which could be explained in this context.
The choice of 14/14 may relate to family life in Longyearbyen or at the mainland, or leisure time activities. The 14/14 gave a better off-period and a tougher on-period, and it is interesting that the employees actually reported improvement of their coping with family life. It is also interesting that most of the employees choosing 14/14 had a very long travel time from Svea to their own residence. The lack of detrimental health effects and improved coping related to shift work has been reported in previous studies among shift workers, for instance when the long working hours are associated with proper timing and reduced commuting time 14) . The long period of consecutive shifts is also an advan-tage from a circadian point of view, and might be the explanation of the lack of sleep problems related to this type of work in the present study 9) .
Extended shift periods and periods off have been the standard in Norwegian offshore oil industry for more than forty years. Similar schedules have been increasingly practiced on large construction and production sites onshore. The agreement of April 2010 between Norway and Russia on the delimitation line in the Barents Sea and the Arctic Ocean will actualize a wider application of such schedules in arctic areas. That gives our findings a momentum.
Our conclusion is that long shift periods and off periods (14/14) did not turn out to be less favorable than shorter shift and off periods (7/7), related to self reported health, sleep and stress for a period of two years. Employees who chose 14/14 reported improved coping with family life. These conclusions relate to a situation where the employees were enabled to choose.
